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Introduction: Symptomatic subdural hematoma development is a constant concern for patients who have
undergone cerebrospinal fluid shunting procedures to relieve symptoms related to normal-pressure hydrocephalus.
Acute subdural hematomas are of particular concern in these patients as even minor head trauma may result in
subdural hematoma formation. The presence of a ventricular shunt facilitates further expansion of the subdural
hematoma and often necessitates surgical treatment, including subdural hematoma evacuation and shunt ligation.
Case presentation: We present the case of a 63-year-old North American Caucasian man with normal-pressure
hydrocephalus with an adjustable valve ventriculoperitoneal shunt who developed an acute subdural hematoma
after sustaining head trauma. Conservative treatment was favored over operative evacuation because our patient
was neurologically intact, but simple observation was considered to be too high risk in the setting of a
low-pressure ventriculoperitoneal shunt. Thus, the valve setting on the ventriculoperitoneal shunt was increased to
its maximum pressure setting in order to reduce flow through the shunt and to mildly increase intracranial pressure
in an attempt to tamponade any active bleeding and limit hematoma expansion. A repeat computed tomography
scan of the head six days after the valve adjustment revealed complete resolution of the acute subdural hematoma.
At this time, the valve pressure was reduced to its original setting to treat symptoms of normal-pressure
hydrocephalus.
Conclusions: Programmable shunt valves afford the option for non-operative management of acute subdural
hematoma in patients with ventricular shunts for normal-pressure hydrocephalus. As illustrated in this case report,
increasing the shunt valve pressure may result in rapid resolution of the acute subdural hematoma in some
patients.
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Normal-pressure hydrocephalus (NPH) usually presents in
older patients. Patients with NPH frequently present with
ventricular dilation, dementia, magnetic gait and urinary
incontinence. In 1965, Adams et al. postulated a gradual
blockage of cerebrospinal fluid (CSF) drainage as the
underlying cause [1]; however, in most patients, NPH is
idiopathic and the etiology remains largely unknown.
Management of patients with NPH involves placement of
a ventriculoperitoneal shunt to aid CSF drainage. The
placement of adjustable shunt valves enables easy, non-
invasive adjustments in the amount of CSF drainage in
order to maximize symptom relief, minimize over-
drainage, thus reducing the need for repeated surgical
interventions to manage shunt pressure with fixed pres-
sure valves [2-8].
A major risk involving both fixed and adjustable ven-
tricular shunts is a predisposition to subdural hematoma
(SDH) development. These patients are susceptible to
SDH formation due to reduced intracranial pressure
(ICP) caused by over-drainage of CSF, acute trauma to
the head, or both [2,5,6,8-11]. Samuelson et al. reported
that, following successful ventricular shunt placement
and relief of NPH symptoms, five of 24 patients wereFigure 1 Pre-valve adjustment computed tomography scan. The pre-v
subdural hematoma in the right convexity and a mixed density subdural hreadmitted for SDH between one and 11 months post-
operatively, with one of the five cases reporting a history
of trauma. Additionally, patients with NPH were found
to be particularly susceptible to SDH formation follow-
ing ventricular shunt placement, in contrast to a com-
paratively lower incidence of SDH development after
treatment for high-pressure hydrocephalus [7].
Treatment of acute SDH in patients with NPH is often
difficult. Thus, in addition to evacuation of the SDH
through burr holes or through a craniotomy, shunt liga-
ture is sometimes needed to prevent reaccumulation or
expansion of SDH. We report the case of a patient with
NPH who sustained head trauma and developed an
acute SDH. Our patient was successfully managed non-
operatively to achieve rapid resolution of the acute SDH.
Case presentation
A 63-year-old North American Caucasian man was ad-
mitted to our hospital after falling down four steps and
sustaining head trauma. At presentation, he stated he
had a headache, but denied visual changes, numbness or
weakness. He was neurologically intact; notably, prona-
tor drift was absent. His medical history was significant
for NPH for which a programmable Medtronic StrataWalve adjustment computed tomography scan showing a high-density
ematoma in the left convexity.
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prior to this event.
A computed tomography (CT) examination showed the
ventricular catheter and an acute right posterior convexity
subdural hematoma (Figure 1). The SDH overlying the
right convexity measured 3cm in the greatest transverse
diameter, causing mass effect on the ipsilateral brain pa-
renchyma and posterior horn of the lateral ventricle.
Our patient was admitted to the intensive care unit for
close neurological monitoring. Our patient was neuro-
logically intact, and, thus, conservative management was
favored over operative treatment. However, given the
propensity for expansion of acute subdural hematomas
in the presence of low-pressure ventriculoperitoneal
shunts and given the moderate size of our patient’s sub-
dural hematoma, simple observation was thought to be
high risk. In addition, our patient reported dramatic im-
provement of his NPH symptoms after shunting, and,
thus, simple shunt closure via ligature was not optimal.
The authors chose to treat our patient’s acute subdural
hematoma by utilizing a technique that has been used in
the treatment of subdural hygromas and chronic subdural
hematomas. This technique, wherein the programmableFigure 2 Computed tomography scan conducted six days after valve
valve adjustment shows ventricular dilation, residual trace bifrontal extra-ax
parietal lobe.valve setting is changed to reduce CSF drainage, allowed
conservative management and observation of our patient
without operative intervention.
The programmable valve was adjusted transcutaneously
from 1.0 to the maximum setting of 2.5, thereby reducing
CSF drainage. A repeat head CT obtained the following
day revealed no significant change in the size of the sub-
dural hematoma. He remained clinically unchanged and
neurologically intact. He was then discharged from the
hospital with a plan for close follow-up. Six days later, our
patient was admitted with worsening symptoms of NPH
including gait ataxia and urinary incontinence. CT exam-
ination showed complete resolution of the acute SDH and
dilated ventricles consistent with our patient’s known his-
tory of NPH (Figure 2). The valve setting was reduced
from 2.5 to 0.5 in order to promote greater CSF drainage.
This alleviated the NPH symptoms. Our patient remains
well one year after sustaining the traumatic subdural
hematoma (Figure 3).
Discussion
Programmable shunt valves have become a valuable tool in
hydrocephalus management. The option to non-invasivelyadjustment. The computed tomography scan obtained six days after
ial hypodense collections, and encephalomalacia in the right posterior
Figure 3 Computed tomography scan one year after subdural hematoma. The computed tomography scan performed one year after
subdural hematoma shows resolution of the subdural hematoma and dilated ventricles.
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over conventional fixed valves during management of
NPH, hydrocephalus, chronic SDH, SDH and ventricular
collapse due to over-drainage, and preventing SDH recur-
rence following evacuation [2,4,6,12-14]. The Dutch
Normal-Pressure Hydrocephalus study showed that 71 per-
cent of patients with fixed low-pressure valves developed
subdural effusions compared to 34 percent for patients
with fixed medium-pressure valves [3]. Thus, the develop-
ment of subdural effusions seems to be directly related to
the amount of CSF drainage.
Adjustable valves not only provide the ability to non-
surgically increase valve settings to prevent subdural
effusions, but also provide the added benefit of high-
pressure drainage when needed to aid in the treatment of
subdural effusions. Carmel et al. reported the use of
shunt ligation and high-pressure drainage to treat a sub-
dural fluid collection in a patient with NPH. Initially,
shunt ligation was performed on a patient in an attempt
to obliterate the subdural fluid collection, which unfortu-
nately resulted in rapid deterioration of the patient. Due
to worsening of patient’s clinical condition, the ligature
was removed and the adjustable valve turned to a high-
pressure setting. The adjustable valve provided the safetyof high-pressure drainage, and the patient returned to
baseline over five days [4].
Sindou et al. also reported on the treatment options
offered by adjustable valves; in a series of 75 patients, 27
patients required non-operative valve adjustment to ad-
dress hemispheric detachment, intracranial hypotension
and absence of clinical improvement [13]. The benefit of
adjustable shunts are further reinforced in a report by
Zemack et al., which concluded that non-invasive shunt
adjustment improved outcomes for patients with NPH
after reporting a five-year adjustable shunt survival rate of
80.2 percent, with good to excellent outcomes observed in
78.1 percent of people with idiopathic NPH [14].
The literature has demonstrated benefit in lowering the
incidence and treating chronic subdural hematomas in
patients with NPH with adjustable shunt valve placement.
However, there is very scant literature describing acute
SDH management in shunted patients with NPH. This is
surprising as the development of acute SDH after shunting
for NPH is a serious concern. Even minor head trauma
may lead to an acute SDH, necessitating surgical interven-
tion [9,10]. Increased susceptibility to SDH can be attribu-
ted to the shunt decreasing intracranial pressure by
decreasing ventricular volume, causing the vessels bridging
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vulnerable to sheering forces and bleeding upon minor
trauma [8-10]. Once bleeding begins, the ventricular shunt
facilitates hematoma development by preventing the brain
from tamponading further bleeding [15]. Furthermore,
SDH development have been attributed to over-drainage
of CSF alone, highlighting the strain experienced by sub-
dural bridging vessels in patients with ventriculoperitoneal
shunts [2,5,7,8,11,12].
Hoya et al. reported one case of non-operative acute
SDH management in a patient with normal-pressure
hydrocephalus and an adjustable valve [6]. They adjusted
the valve to the highest setting in order to decrease CSF
drainage. This patient unfortunately died from compli-
cations that appeared to be unrelated to the subdural
hematoma. Hoya’s results are in contrast with the case
that we present. Our patient was readmitted after six days
following issues of NPH symptoms, including gait ataxia,
generalized weakness and urinary incontinence. A CT of
the head obtained upon readmission revealed complete
resolution of the acute SDH and not just a reduction in
volume. The valve pressure was then reduced to treat the
NPH symptoms, and our patient’s neurological condition
improved upon discharge. To the best of our knowledge,
this is the first case detailing the results of non-operative
shunt valve management of an acute SDH.
Conclusions
Adjustable shunt valve management alone may serve as
a non-invasive alternative to shunt ligature or subdural
evacuation in shunted patients with NPH with an acute
SDH at their neurological baseline. Once the SDH has
resolved, pressure valve settings can again be lowered to
optimize relief of NPH.
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